1. Introduction {#sec1}
===============

PADMA 28 is a multicomponent, traditional Tibetan herbal plant remedy comprised of 20 specific herbs and 2 nonherbal ingredients. The main PADMA\'s active substances are bioflavonoids, tannins, phenolic acids, phenolic alcohols, and terpenoids \[[@B1], [@B2]\]. Weseler et al. presented evidence of antimicrobial activity of this remedy. Both aqueous and alcohol-based PADMA 28 preparations exhibited evident antibacterial effects against Gram-positive bacteria and *Klebsiella pneumonia in vitro*\[[@B3]\]. From 20 herbs present in PADMA, 13 have well-documented antimicrobial activity. *Azadirachta indica* exhibited activity against Gram-positive bacteria. *Aegle marmelos* fruit expresses antifungal activity. *Elettaria cardamomum* (cardamom) essential oil has activity against *Bacillus subtilis* spores. This herb also presents anti-inflammatory and immunotropic activity, enhancing Th2 and suppressing Th1 cytokine release by lymphocytes. Recently, chemopreventive effects of cardamom on chemically induced skin carcinogenesis in mice were described. *Sida cordifolia*, known for its regenerating properties, is active against *Corynebacterium diphtheria* and in combination with nystatin and clotrimazole exhibited antimicrobial effects against five *Candida*strains. Terpenoid eugenol present in *Syzygium aromaticum*expresses general antimicrobial effect; phenolic alcohol from *Glycyrrhiza glabra* was active against *Mycobacterium tuberculosis*, *Staphylococcus aureus,* and *Plasmodium*\[[@B2], [@B4]--[@B9]\]. Recently, anti-influenza viral effects of nuclear export inhibitors from *Valerianae radix* were described \[[@B10]\].

Another PADMA 28 component, *Saussurea lappa* root, and its active principle dehydrocostus lactone inhibit prostate cancer cell migration *in vitro* and have been shown to have anticancer activity. Santamarin, a sesquiterpene lactone isolated from this herb, represses LPS-induced inflammatory response in murine macrophages and potently inhibits the growth of *Trypanosoma brucei rhodesiense* \[[@B11]--[@B15]\]. Another PADMA 28 component, *Terminalia chebula* Retz., is called the "King of Medicine" in Tibet. The plant possesses multiple activities, among them, antioxidant, antimicrobial, anti-inflammatory, and wound healing activities \[[@B16]\].

Some immunotropic activities of PADMA 28 and beneficial effect of this remedy in experimental models of inflammation and wound healing were reported \[[@B17]--[@B24]\].

In humans, PADMA 28 has been used as a beneficial tonic for heart and blood vessels and as an antioxidant. PADMA 28 has been registered in Switzerland since 1977 by Intercantonal Office for the Control of Medicines as a remedy to alleviate symptoms of claudication, impaired peripheral circulation, pain on walking, leg cramps, and paresthesia. A profitable influence of PADMA 28 was also observed in patients with atherosclerosis and in patients with multiple sclerosis \[[@B25], [@B26]\]. In 1992, PADMA 28 was registered in Poland. Its efficacy was further proved in prophylactics and treatment of some disorders with inflammatory, sclerotic, and degenerative origins. Treatment of chronic infective pulmonary diseases studied in Poland in a big group of children with PADMA has brought positive results \[[@B27], [@B28]\]. However, as PADMA is being used for a variety of diseases and usually for a long time (e.g., couple of weeks) and because it possesses strong antioxidative properties, it would affect various parameters of immune system, among them, oxidative burst of granulocytes. In fact, some authors reported that this remedy inhibited the respiratory burst of human neutrophils *in vitro* \[[@B29], [@B30]\]. That is why we decided to evaluate in the present study, on the experimental model in mice, the *in vivo* effect of PADMA 28 (in high dose, comparable to that recommended for humans, and in low dose, comparable to these which we used previously in studies of various other herbal extracts) on immunological angiogenesis and, simultaneously, on granulocytes metabolic activity evaluated by chemiluminescence. This test is widely accepted as a method of measuring granulocytes oxygen-dependent killing potential. It is important to know if selected doses of this remedy do not disturb granulocytes activity and stimulate immunological angiogenesis and, accordingly, could be used as a safe drug for therapeutic angiogenesis in vascular and immune system disturbances.

2. Material and Methods {#sec2}
=======================

*PADMA 28 tablets* (batch 28/6311, PADMA AG, Suisse), herbal mixture consisting of 22 ingredients: *Aegle marmelos* fruit (20 mg), *Pimenta dioica* fruit (25 mg), *Aquilegia vulgaris* aerial part (15 mg), *Calendula officinalis* flower (5 mg), *Elettaria cardamomum* fruit (30 mg), *Syzygium aromaticum* flower bud (12 mg), *Saussurea lappa* root (40 mg), *Hedychium spicatum* rhizome (10 mg), *Lactuca sativa* leaf (6 mg), *Cetraria islandica* thallus (40 mg), *Glycyrrhiza glabra* root (15 mg), *Azadirachta indica* fruit (35 mg), *Terminalia chebula* fruit (30 mg), *Plantago lanceolata* aerial part (15 mg), *Polygonum aviculare* aerial part (15 mg), *Potentilla aurea* aerial part (15 mg), *Pterocarpus santalinus* wood (30 mg), *Sida cordifolia* aerial part (10 mg), *Aconitum napellus* tuber (1 mg), *Valeriana officinalis* root (10 mg), camphor (4 mg), and calcium sulfate (20 mg).

2.1. Animals {#sec2.1}
------------

The study was performed on 48 female inbred Balb/c mice 6--8 weeks old, weighing about 20 g, and on 24 female F1 hybrids (Balb/c × C3H), 6 weeks old, delivered from the Polish Academy of Sciences breeding colony. PADMA 28 was administered to mice *per os* in daily doses 5.8 mg or 0,085 mg. Higher dose was calculated according to the highest daily dose (6 tablets), recommended for humans (applying the factor 7 for differences between mouse and human in relation to the surface to body mass). Lower dose conforms to the range of active doses of other herbal extracts and their polyphenolic compounds used in our previous experiments \[[@B31]--[@B35]\].

2.2. Lymphocyte-Induced Angiogenesis Test (LIA) {#sec2.2}
-----------------------------------------------

Balb/c mice were fed with PADMA (5.8 mg or 0.085 mg) by Eppendorf pipette, in 40 *μ*L of water or 40 *μ*L of water (controls), for 7 days, then bled in anaesthesia (ketamine 100 mg/kg and xylazine 10 mg/kg, BIOWET, Pulawy, Poland) and sacrificed by cervical dislocation. Splenocytes were isolated from spleens of Balb/c donors under sterile conditions by straining through stainless sieve and cotton gauze and centrifugation on Histopaque 1077 (Sigma-Aldrich, USA) for 8 min at 400 g in order to remove erythrocytes. Isolated splenocytes were resuspended in Parker culture medium (TC199, BIOMED, Lublin) and pooled within the groups. A local GVH reaction (lymphocyte-induced angiogenesis, LIA test) was performed according to \[[@B36]\] with some modifications \[[@B33]\]. Shortly, spleen cells suspensions were grafted intradermally (1 million cells in 0.05 mL of Parker medium per graft) into F1 (Balb/c × C3H) recipients. Before performing injections, mice were anaesthetized intraperitoneally with 3.6% chloral hydrate (Sigma-Aldrich, USA; 0.1 mL per 10 g of body mass). Both flanks of each mouse were finely shaved with a razor blade; each flank was injected with cells 2-3 times. Cell suspensions were supplemented with 0.05 mL/mL of 0.01% trypan blue in order to facilitate recognition of injection sites later on. Grafted Balb/c splenic lymphocytes recognized C3H antigens and produced many immunological mediators including proangiogenic factors (immunological angiogenesis). In this test, the number of newly formed blood vessels was the measure of  T-cell reactivity. After 72 hours the mice were treated with a lethal dose of Morbital (Biowet, Puławy, Poland). All newly formed blood vessels were identified and counted in dissection microscope on the inner skin surface, using criteria suggested by the authors of the method, at magnification of 6x, in 1/3 central area of microscopic field. Identification was based on the fact that new blood vessels, directed to the point of cells injection, are thin and differ from the background vasculature in their tortuosity and divarications.

Experiment was performed twice (24 Balb/c mice and 24 F1 hybrids as a total).

2.3. Estimation of Leukocytes Number and Their Metabolic Activity (Luminol-Dependent Chemiluminescence Test, CL) {#sec2.3}
----------------------------------------------------------------------------------------------------------------

Balb/c mice were fed with PADMA (5.8 mg or 0.085 mg) by Eppendorf pipette, in 40 *μ*L of water or 40 *μ*L of water (controls), for 7 days, then bled in anaesthesia (ketamine 100 mg/kg and xylazine 10 mg/kg, BIOWET Pulawy, Poland) from retroorbital plexus and sacrificed by cervical dislocation. CL was measured using the method of Easmon et al. \[[@B37]\] with some modifications \[[@B38]--[@B40]\] at room temperature, in scintillation counter (RackBeta 1218, LKB, Sweden). Briefly, samples of 0.05 mL of heparinised blood were diluted 1 : 4 with phosphate buffered saline (PBS, Biomed Lublin, Poland) and supplemented with 0.1% bovine serum albumin (BSA, Sigma-Aldrich, USA) and 0.1% glucose (Polfa, Poland). Next, 0.05 mL of this diluted blood was mixed with 0.2 mL of luminol (Sigma-Aldrich, USA) solution (10^−5 ^M) in PBS and placed in a scintillation counter in the "out of coincidence" mode for background chemiluminescence measurement. Then, the cells were activated by the addition of 0.02 mL solution of opsonized zymosan (10 mg/mL, Serva, USA), and chemiluminescence activity was measured for the next 15 min. Counting of leukocytes and blood smears examination were performed by routine methods, and the results were shown as the maximum value of chemiluminescence (cpm) obtained for 10^3^ granulocytes. Experiment was performed twice (24 mice as a total).

For all experiments, animals were handled according to the Polish law on the protection of animals and NIH standards. All experiments were accepted by the Local Ethical Committee.

2.4. Statistical Analysis {#sec2.4}
-------------------------

Statistical evaluation of the results was performed by one-way ANOVA, and the significance of differences between the groups was verified with a Bonferroni multiple comparison post test (Graph Pad Prism software package).

3. Results {#sec3}
==========

The effect of PADMA 28 (0.085 or 5.8 mg) supplementation of Balb/c donors on the angiogenic ability of their splenic lymphocytes to induce newly formed blood vessels in the skin of F1 (Balb/c × C3H) recipient mice is presented in [Figure 1](#fig1){ref-type="fig"}. According to one-way analysis of variance the *P* value \<0.0001 is considered extremely significant. Variation among column means is significantly greater than expected by chance. Bonferroni multiple comparison test revealed that PADMA 28 in both doses highly significantly stimulated lymphocytes angiogenic activity as compared to the control and that this stimulation was better after higher dose of remedy (for comparison of lower and higher doses, *P* \< 0.01).

The results of granulocytes chemiluminescence are presented in [Figure 2](#fig2){ref-type="fig"}. According to one-way analysis of variance, the *P* value 0.0019 is considered as significant. Bonferroni multiple comparison test revealed significantly lower chemiluminescence of blood leukocytes collected from mice fed with higher PADMA 28 dose, as compared to the control.

The results of PADMA 28 feeding on the blood granulocytes number are presented in [Figure 3](#fig3){ref-type="fig"}. According to one-way analysis of variance the *P* value 0.0006 is considered as highly significant. Bonferroni test revealed highly significantly statistical increase of blood granulocytes number in the blood collected from mice fed with lower PADMA 28 dose in comparison to the control (*P* \< 0.001) and significant increase (*P* \< 0.05) in comparison to the group fed with high dose of remedy. No difference was observed between this last group and control mice.

Number of blood lymphocytes is presented in [Figure 4](#fig4){ref-type="fig"}. According to ANOVA, the *P* value 0.0011 is considered as significant. Bonferroni test revealed highly significant increase of blood lymphocytes number in the blood collected from mice fed with lower PADMA 28 dose (*P* \< 0.001) in comparison to the control and significant increase (*P* \< 0.05) in comparison to the group fed with high dose of remedy. No difference was observed between this last group and control mice.

4. Discussion {#sec4}
=============

In this paper, we report for the first time stimulatory effect of multiherbal remedy PADMA 28 on immunological angiogenesis observed in the skin of recipient mice during the local cutaneous graft-versus-host reaction. In our previous studies we obtained similar effects, when we administered to donor mice some other herbal extracts (from plants *Echinacea purpurea*, *pallida*, and *angustifolia* and *Rhodiola rosea*, *quadrifida*, and *kirilowii*) and remedies Echinasal and Bioaron C. \[[@B31]--[@B35]\]. However, no stimulatory effect was obtained after feeding donor mice with extract from *Centella asiatica* or multicomponent herbal remedy PERVIVO \[[@B31], [@B41]\]. On the other hand, inhibitory effect was observed when donor mice were fed with FIBS---an aqueous solution of biogenic stimulators (coastal salt lake mud distillate mixed with cinnamic acid and coumarin) elaborated in 1948 year by Professor V. P. Filatov team \[[@B42]\].

In our present experiments PADMA 28 has behaved as a strong stimulator of proangiogenic factors production by splenic lymphocytes in mice. It remains to elucidate which factors are involved, and this will be the matter of our further studies. It is important that PADMA exerted this angiostimulatory effect also in a substantially lower dose than that recommended by producer, because higher recommended dose significantly inhibited granulocyte respiratory burst measured by chemiluminescence. It should be expected as PADMA 28 contains many compounds demonstrating antioxidant effects---gallic acid, eugenol, ellagitannins, bioflavonoids: quercetin, luteolin, and apigenin, and others \[[@B29]\].

5. Conclusion {#sec5}
=============

The ability of PADMA 28 to increase angiogenic activity of lymphocytes may partly explain its beneficial effect on regenerative/repair processes, but for this purpose this remedy should be used in evidently lower doses than these recommended by producers, for avoiding deterioration of granulocyte function.
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![Effect of PADMA 28 (0.085 or 5.8 mg) supplementation of Balb/c donors on the number of newly formed blood vessels measured by lymphocyte-induced angiogenesis test (LIA) in F1 (Balb/c × C3H) recipient mice. Balb/c mice were fed daily *per os* with 0.085 mg or 5.8 mg of PADMA 28. After 7 days, mice were bled and sacrificed, and splenocytes were isolated. Splenocytes were pooled within the groups, resuspended in Parker culture medium (1 million of cells in 0.05 mL), and injected intradermally (5-6 injections per mouse) to 24 F1 (Balb/c × C3H) hybrids. After 72 hours the mice were euthanized, and newly formed blood vessels were counted in dissection microscope (6x magnification). Results are shown as mean ± SEM. \*\*\**P* \< 0.001.](MI2013-853475.001){#fig1}

![Effect of PADMA 28 (0.085 or 5.8 mg) supplementation on chemiluminescent activity of mouse granulocytes. Balb/c mice were fed daily *per os* with 0.085 mg or 5.8 mg of PADMA 28. After 7 days mice were bled and sacrificed. The chemiluminescence was measured with luminol after activating with blood with zymosan, in scintillation counter (RackBeta 1218, LKB, Sweden). Results are presented as the mean cpm +/− standard error (SEM) per 1000 granulocytes. \*\**P* \< 0.01.](MI2013-853475.002){#fig2}

![Effect of PADMA 28 (0.085 or 5.8 mg) supplementation on the number of blood granulocytes in mice. Balb/c mice were fed daily with 0.085 mg or 5.8 mg PADMA 28. After 7 days mice were bled and sacrificed. Counting of leukocytes and blood smears examination were performed by routine methods. \*\*\**P* \< 0.001.](MI2013-853475.003){#fig3}

![Effect of PADMA 28 (0.085 or 5.8 mg) supplementation on the number of blood lymphocytes in mice. Balb/c mice were fed daily with 0.085 mg or 5.8 mg of PADMA 28. After 7 days mice were bled and sacrificed. Counting of leukocytes and blood smears examination were performed by routine methods. \*\*\**P* \< 0.001.](MI2013-853475.004){#fig4}
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